Background. Colonic malignant obstruction and perforated diverticulitis are acute left sided colonic emergencies (ALSCE) that are typically managed with colorectal resection. Colonic preservation techniques such as laparoscopic lavage and endoscopic stenting have emerged as management options, the safety of which has been debated. We aimed to determine if these alternate colonic preservation techniques result in increased in-hospital mortality. Materials and Methods. Retrospective analysis of prospectively collected data of 210 patients with ALSCE managed from June 2001 to April 2014. Data collected included demographic, pathology type, ASA grading, operative and post-operative progress. Univariable and multivariable logistic regression was performed to determine factors contributing to treatment arm allocation and in-hospital mortality. These were performed on the whole treatment cohort, as well as per pathology subgroup. Results. 210 patients were included. Nonresectional management was attempted in 147 patients (70%), of which 38 (26%) required unplanned colonic resection or died in hospital. Those treated with colonic preservation were younger, had lower ASA scores and had lower Hinchey scores (in the diverticular perforation group) than those in the resection group. Female gender was the only independent predictor of increased in-hospital mortality risk. Importantly, the type of procedure performed (colonic preservation vs. resection) did not predict in-hospital mortality risk.
Introduction
Left-sided colonic diverticular perforation and malignant obstruction are common surgical emergencies [1] [2] . Outcomes for those treated with emergency colonic resection are disappointing and associated with high rates of morbidity and mortality [3] . Although some presentations dictate the need for immediate resection, such as caecal necrosis from obstruction or uncontrolled faecal fistulae from diverticulitis, immediate resection of the colonic pathology is not mandatory and may be considered over-treatment in majority of patients. This is particularly true in patients with malignant obstruction who have incurable disease, and patients with Hinchey 1, 2 or 3 diverticular perforation in which the event often represents the first and only attack of diverticulitis. Subsequently, these patients may be more appropriately managed initially by techniques allowing colonic preservation with view to a later decision about further suitable management. These techniques include colonic stenting for malignant obstruction and laparoscopic lavage for perforated diverticulitis.
In 1994, Tejero first described that successful endoscopic colonic stenting can provide adequate decompression of colonic obstruction for the purpose of palliation or as a bridge to semi-elective single stage colorectal resection [4] . First reports of non-resectional surgical management of perforated diverticular disease by means of open debridement and drainage occurred in 1978 by Hinchey et al. [5] , and were later performed laparoscopically in 1996 by O'Sullivan et al. [6] . Over the last decade, non-resectional management options have been increasingly used in these settings with varying results. As such, concern regarding the safety of these approaches has prevented their universal adoption.
Therefore, the aim of this study was to analyse prospectively collected data of a large cohort of patients to determine if alternate colonic preservation techniques for treatment of acute left sided colonic emergencies (ALSCE) results in increased in-hospital mortality. was utilised for treatment. The technique of colonic stenting has previously been described by this unit [7] .
Materials and Methods

Treatment Setting and Patients
Perforated diverticulitis patients who had failed medical management underwent a radiologically guided percutaneous drainage, laparoscopic peritoneal lavage or laparotomy and bowel resection. Patients who presented with minor local free gas perforation or whose collection was too small to benefit from drainage were excluded from the present analysis, as they were managed conservatively with antibiotics and bowel rest. The techniques of radiologically guided percutaneous drainage and laparoscopic peritoneal lavage have been previously described [8] . If surgical colonic resection was pursued, this was a Hartmann procedure (rectosigmoidectomy and end colostomy). The choice of management approach was determined by several factors including patient and surgeon preference, patient's fitness and degree of pathology/obstruction (including competence of ileocaecal valve and caecal viability), as well as preference and skill of endoscopist and radiologist. Surgical management decisions were at the surgical team's discretion and no fix protocols exist.
Statistical Analysis
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In hospital deaths, n (%)
19 (9) 11 (7) 8 (13) 0. 23 Open Journal of Gastroenterology factors contributing to in-hospital mortality uni-and multivariable logistic regression was performed. Both regression analyses were performed for the whole treatment cohort, as well as malignant obstruction and diverticulitis perforation subgroups separately, as each represent fairly distinct pathologies requiring different management strategies. Treatment success was defined as an initiated treatment that led to resolution of symptoms and no patient death. This was irrespective of if a re-intervention (second look, lavage etc.) was required, as this was recorded separately. Accordingly, treatment failure was defined as any attempt at treatment that resulted in in-patient death or if patients who received a colonic preservation management strategy progressed to emergency colonic resection within the same hospitalisation. All p-values <0.05 were regarded as statistically significant and all analyses were performed using R Statistical Packages [9] .
Results
Patient Demographics
Between 
Outcomes of Patients Managed with a Colonic Preservation Strategy
Of 147 patients managed with a colonic non-resection strategy, 118 (80%) emergency colonic resection. Of these, 2 died and 9 others were subsequently deemed palliative and died, equating to a mortality rate of 7%. As such, the overall failure rate for this management strategy was 26% (n = 38).
Of 89 patients presenting with malignant colonic obstruction, 63 (71%) had attempted colonic preservation through colonic stenting, whereas 26 (29%) underwent emergency colonic resection in the first instance. Fifty-eight of 63 patients (92%) who had colonic stenting had successful resolution of obstruction. The remaining 5 patients (8%) required subsequent emergency colonic resection, all of whom survived. Seven patients (11%) who were managed conservatively were subsequently deemed palliative and died. As such, the overall failure rate was 19% (n = 12).
Of 121 patients presenting with perforated diverticulitis, 84 had an attempted colonic preservation, either through percutaneous (n = 18, 12%) or laparoscopic washout (n = 66, 45%). Fifteen (18%) of these patients required a subsequent emergency colonic resection, two of whom died. Two further patients who were managed with colonic preservation for perforated diverticulitis subsequently died, equating to an overall mortality rate of 5% (n = 4). Accordingly, the overall failure rate was 20% (n = 17).
There was no difference in the failure rates of attempted colonic preservation depending on the underlying presenting pathology (p = 1.00).
Outcomes of Patients Undergoing Emergency Colonic Resection
Of the 210 patients, 63 patients (30%) underwent colonic resection in the first instance. Twenty-six (41%) of these patients presented with malignant obstruction, whereas 37 had perforated diverticulitis (59%).
Of the patients presenting with malignant colonic obstruction, 13 (35%) had a Hartmann's procedure, 4 (11%) a colonic resection with primary anastomosis, 2 (6%) a subtotal colectomy with ileo-rectal anastomosis, 3 (8%) a total colectomy with end-ileostomy, 3 (8%) a diverting colostomy, and one case had missing operative information. Of these patients, 4 died equating to an overall procedure related mortality of 15%.
Of the patients presenting with perforated diverticulitis, 35 (9%) had a Hartmann's procedure, 1 (3%) a colonic resection with primary anastomosis and 1 (3%) patient underwent a total colectomy with end-ileostomy. Of these patients four subsequently died in hospital equating to a procedure specific mortality of 11%. There was no difference in mortality rates depending on underlying presenting pathology (p = 0.71).
Factors Contributing to Allocation to Colonic Preservation Management Strategy
As differences existed in the distribution of certain patient demographics depending on which treatment strategy was pursued and no defined protocols were followed, a uni-and multivariable analysis was performed to determine which
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factors may predict the type of treatment adopted. The results of this analysis are presented in Table 2 .
A multivariable analysis was performed across the whole cohort of patients adjusting for age, gender, ASA score and the underlying pathology of the 
Factors Contributing to In-Hospital Mortality
In a next step, we aimed to determine factors contributing to increased risk of in-hospital mortality (Table 3) . For the whole cohort of ALSCE, only female gender was an independent predictor of increased risk of in-hospital mortality Table 3 . Of note is that in the patients presenting with perforated diverticulitis, the type of colonic preservation attempt (drainage, washout etc.) was not predictive of in-hospital mortality (data not shown).
Discussion
Our study analysed prospectively collected data of a large cohort of consecutive patients treated for ALSCE. We found that alternate colonic preservation techniques do not increase the risk of in-hospital mortality. Furthermore, those treated with colonic preservation were younger, had lower ASA scores and lower Hinchey scores. Non-resection strategies failed in 26%. Female gender was the only independent predictor of increased risk of in-hospital mortality.
Patients who present with ALSCE are often elderly and frail with multiple comorbidities, findings congruent with our cohort of patients. Moreover, upon emergency presentation these patients are generally unwell with dehydration, electrolyte imbalance and friable colon due to obstruction or inflammation.
Emergency colorectal procedures requiring laparotomy, are less likely to involve primary anastomosis, frequently involve stoma formation, and are associated with higher morbidity and mortality than if performed electively [10] . It is well reported that patients with stomas experience significant morbidity, poorer Recent meta-analyses have suggested that laparoscopic lavage in the management of perforated diverticulitis can help avoid emergency laparotomy, resection, stoma formation and the associated morbidity, mortality and cost [24] [25]
M. A. Kozman et al. Open Journal of Gastroenterology
[26]. This may allow patients to avoid colonic resection altogether, or have delayed elective colonic resection. In addition, laparoscopic lavage also allows for accurate Hinchey classification of patients' disease (especially differentiation between purulent and feculent peritonitis), and subsequent early selection of those who require resection [27] . More recent randomised trials report similar results when common end points are considered, in that the major morbidity and mortality rates were similar between the laparoscopic lavage and resection groups [27] [28] [29] . We found similar success and mortality rates between the two treatment groups.
Our audit of 210 consecutive ALSCE commenced in 2001 following our first colonic stent and laparoscopic lavage. The learning curve for non-resection techniques was influenced by varying levels of experience and enthusiasm amongst surgeons involved in emergency after-hours care. However, continued success in managing patients without resection resulted in greater adoption of these techniques. Of the 147 patients initially offered non-resection therapy, 13.6% underwent resection during the same admission, none of which died.
Most of these occurred early in the audit period, when there was a lower thresh-Open Journal of Gastroenterology old for resection if concerns arose regarding patient progress after non-resectional treatment. More recently, patients have undergone second attempts at non-resection management if the result of the first procedure was under question, and if safe to do so.
We recognise the inherent limitations of our study. Firstly, it is a retrospective cohort, which may be prone to selection bias. Secondly, no standardised treatment protocols existed and therefore allocation to a particular treatment arm may have been confounded. However, in an attempt to address this, a multivariable analysis was performed to identify factors that may have determined the allocation to a particular treatment arm. Lastly, we acknowledge that two distinct pathologies have been included in our study, which may represent a potential confounder. However, in our multivariable analysis of in-hospital mortality, the pathology type was not a predictor. Furthermore, subgroup analysis was performed for each distinct pathology group to allow for more granular consideration of our data.
Conclusion
Attempted colonic preservation strategies do not increase the risk of in-hospital mortality in patients presenting with acute left-sided colonic malignant obstruction and perforated diverticulitis. This approach affords several inherit benefits, and as such should be considered when managing patients with ALSCE. Careful patient selection and procedural experience is pivotal to the success of this approach. In addition, female gender was the only independent predictor of increased risk of in-hospital mortality in our cohort.
